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(54) NONAQUEOUS ELECTROLYTE BATTERY 
(57)Abstxact' 

PROBLEM TO BE SOLVED: To provide a nonaqueous electrolyte battery having high capacity even 
when charged or discharged under low-temperature circumstances. 

SOLUTION: The nonaqueous electrolyte battery comprises a positive electrode 2, a negative 
electrode 3 having a negative electrode material consisting of a negative electrode active material, 
flaky carbon and carbon black, and an electrolyte. The negative electrode material contains 0.1% by 
weight or more and 20% by weight or less of the flaky carbon and 0.02% by weight or more and 2% 
by weight or less of the carbon black. The electrolyte is a nonaqueous electrolyte. 



CLAIMS 



[ClaimCs)] 

[Claim 1] The nonaqueous electrolyte cell characterized by having the negative electrode which 
has the negative-electrode ingredient which consists of a positive electrode, a negative -electrode 
active material and scale -like carbon, and carbon black, and an electrolyte. 

[Claim 2] The above-mentioned scale -like carbon is a nonaqueous electrolyte cell according to 
claim 1 characterized by containing in a negative-electrode ingredient in 0,1 % of the weight or 
more and 20% of the weight or less of the range. 

[Claim 3] The above-mentioned carbon black is a nonaqueous electrolyte ceU according to claim 1 
characterized by containing in a negative electrode ingredient in 0.02 % of the weight or more and 
2% of the weight or less of the range. 

[Claim 4] The above-mentioned electrolyte is a nonaqueous electrolyte cell according to claim 1 
characterized by being nonaqueous electrolyte. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a nonaqueous electrolyte cell equipped with a 
positive electrode, the negative electrode which has a negative -electrode active material, and an 
electrolyte. 
[0002] 

[Description of the Prior Art! By remarkable advance of an electronic technique, miniaturization 
of electronic equipment and lightweight-ization are realized one after another. In connection with 
this, a miniaturization, lightweight-izing, and high energy consistency-ization are demanded 
from the cell used as the power source of various electronic equipment. 

[0003] As current and a cell generally used, water-solution system rechargeable batteries, such as 
a lead cell and a nickel cadmium battery, are in use. Although these cells are equipped with the 
cycle property needed at worst, implementation of desired cell weight and improvement in energy 
density are difficult for them. 

[0004] For this reason, the nonaqueous electrolyte rechargeable battery using a Uthium or a 
lithium alloy as a negative -electrode ingredient is examined using the lithium content multiple 
oxide represented by LiCo02 with discharge voltage high as positive active material. 
[0005] Although the nonaqueous electrolyte rechargeable battery using a lithium or a Uthium 
alloy as a negative -electrode ingredient has little self- discharge and has the outstanding property 
of being lightweight, with advance of a charge -and* discharge cycle, a lithium carries out crystal 
growth of it to the shape of a dendrite from a negative electrode, it reaches a positive electrode, 
and has the fault that short-circuit arises inside a cell. For this reason, practical rapid charge and 
discharge are not made in the nonaqueous electrolyte rechargeable battery using a Uthium or a 
lithium alloy as a negative -electrode ingredient. 

[0006] Then, the nonaqueous electrolyte cell (the so-called rechargeable Uthium-ion battery) 
which used the dope / dedope of the Uthiimi of a between [ negative -electrode ingredient layers ] 
for the negative -electrode reaction attracts attention, using a carbon material etc. as a 
negative-electrode active material. A lithium does not deposit in a negative electrode with 
advance of a charge-and'discharge cycle, and a rechargeable lithium-ion battery shows a good 
cycle property. Since it has such a property, researches and developments are made briskly and 
the rechargeable lithium ion battery is put in practical use. 
[0007] 

[Problem(s) to be Solved by the Invention] However, since it be involved in the binder which is an 
insulator, it is electricaUy isolated to the negative electrode of a rechargeable Uthium-ion battery, 
and the negative -electrode active material which cannot be contributed to a charge and discharge 
reaction exists in it. For this reason, the negative electrode could not fully pull out an original 
capacity, but had the problem that original energy density could not fully be pulled out, as a 
rechargeable Uthium-ion battery. 

[0008] Moreover, recently, it is used by the rechargeable Uthium-ion battery more often as a power 
source for a drive of the electronic equipment used not only the bottom of an ordinary 
temperature environment but under a low- temperature environment. However, since diffusion of 



the lithium ion in a negative electrode is overdue when the conventional rechargeable lithium ion 
battery is used for the bottom of a lowtemperature environment, internal resistance may 
increase and polarization may arise. Consequently, the rechargeable lithium-ion battery had the 
problem that desired cell capacity was not realized. 

[0009] This invention aims at offering a nonaqueous electrolyte ceU with a high cell capacity, even 
when it is proposed in view of such the conventional actual condition and charge and discharge 
are carried out under a low-temperature environment. 
[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the nonaqueous 
electrolyte cell concerning this invention is characterized by having the negative electrode which 
has the negative-electrode ingredient which consists of a positive electrode, a negative -electrode 
active material and scale-like carbon, and carbon black, and an electrolyte. 

[OOll] by the nonaqueous electrolyte cell looked like [ this invention constituted as mentioned 
above ], scale-Uke carbon intervenes between the particles of a negative -electrode active material, 
and is raising the conductivity of a negative-electrode active material grain boundary. It is lost 
that they are electrically isolated by this though all the negative electrode active materials that 
exist in a negative electrode should coil around a binder, and it contributes to a 
charge and-discharge reaction. Therefore, a nonaqueous electrolyte cell can pull out the capacity 
of original [ negative electrode ]. 

[0012] Moreover, carbon black intervenes between a negative -electrode active material and 
scale like carbon, and raises the solution retention of the electrolyte in a negative electrode. 
Thereby, since the ionic conduction in the hmited opening which exists between the particles of a 
negative -electrode active material becomes prompt and the dope / dedope reaction of a lithium ion 
are smoothly performed even if a nonaqueous electrolyte cell is the case where charge and 
discharge are carried out to the bottom of a low-temperature environment, internal resistance 
decreases and polarization is prevented. 
[0013] 

[Embodiment of the Invention] Hereafter, the nonaqueous electrolyte cell concerning this 
invention is explained to a detail, referring to a drawing. 

[0014] As the nonaqueous electrolyte rechargeable battery 1 which applied this invention is the 
so-called rechargeable Uthium ion battery and is shown in drawing 1 , the laminating of the 
band-like negative electrode 2 and the band-like positive electrode 3 is carried out through a 
separator 4, the cell can 5 is loaded with the electrode object of the eddy coil former which it comes 
to wind around a longitudinal direction, and it comes to pour nonaqueous electrolyte into the cell 
can 5. 

[0015] the negative electrode which the negative electrode 2 mixed the negative -electrode 
ingredient containing a negative-electrode active material with the binder, and was prepared a 
mixture is applied on the negative -electrode charge collector 6, and is dried. 

[0016] And in this invention, this negative-electrode ingredient comes to contain scale like carbon 
and carbon black. 

[0017] What groimd and classified the artificial graphite which performed high temperature 
processing as scale-like carbon after carbonizing organic materials, such as a natural graphite, 
coal, and a pitch, is used. 

[0018] As for a natural graphite, the most is produced as an ore. China, Madagascar, Ceylon, 
Mexico, Brazil, etc. are mentioned as a place of production. These ores contain inorganic 



impurities other than a graphite with a possibility of dissolving electrochemically and having a 
bad influence on a cell, for example, a metallic element etc. For this reason, if it remains as it is, it 
is not used, but it dissolves into a solvent, and an ore is removed in an inorganic impurity. The 
alkaline inorganic water solution which contains the inorganic aqueous acids containing 
hydrogen fluoride, a hydrogen chloride, etc., the water solution containing an organic acid, caustic 
soda, etc. as this solvent, the water solution containing the basic organic substance, an organic 
system solvent, etc. are mentioned. 

[0019] An artificial graphite is generated considering organic materials, such as coal and a pitch, 
as a start raw material. 

[0020] What is obtained as a pitch by actuation of distiUation (vacuvim distillation, atmospheric 
distillation, steam distillation), a heat polycondensation, an extract, a chemistry 
polycondensation, etc. from the tar obtained by elevated-temperature pyrolyses, such as a coal tar, 
an ethylene bottom oil, and a crude oil, asphalt, etc., and the thing to generate at the time of wood 
dry distillation are used. 

[0021] As a raw material of a pitch, moreover, polyvinyl chloride resin, polyvinyl acetate, 
Poljrvinyl butyrate, 3, and 5*dimethylphenol resin and naphthalene, A phenanthrene, an 
anthracene, triphenylene, a pyrene, perylene, condensed multi-ring hydrocarbon compounds, 
such as pentaphene and pentacene, and other derivatives (for example, these carboxylic acids 
Mixture or acenaphthylenes, such as a carboxyhc anhydride and carboxylic-acid imide, 
Condensation heterocycUc compounds, such as Indore, an iso indole, a quinoline, an isoquinoline, 
quinoxaline, phthalazine, a carbazole, an acridine, phenazine, and phenanthridine, other 
derivatives, etc. are mentioned. 

[0022] Organic materials, such as these coal, pitches, etc., turn into a graphitizing carbon 
ingredient among an inert gas air current by carrjdng out calcining under the conditions of 
[ programming rate / temperature / per minute 1-100 and / attainment ] 0 • 30 hours in the 
holding time in 900*1500 *C and attainment temperature, after being carbonized at 300-700 
among inert gas air currents, such as nitrogen, and. Furthermore, 2000 °C or more become 
desired granular carbon by heat-treating at the temperature of 2500 °C or more preferably. In 
addition, carbonization and calcining can also be omitted by the case. 

[0023] To a natural graphite or an artificial graphite which was mentioned above, it is desirable 
that crystalUnity is high. The artificial graphite with high crystallinity serves as a scale 
configuration easily by grinding etc. while it is excellent with electronic conduction nature. 
Moreover, in order to obtain more monotonous scale like carbon, it is desirable to separate firom 
the carbon hex steel flat surface weakly combined by Van der Waals force. 

[0024] It is desirable to contain in a negative -electrode ingredient in 0.1 % of the weight or more 
and 20% of the weight or less of the range, as for scale -like carbon, it is more desirable to contain 
in 0.2 % of the weight or more and 8% of the weight or less of the range, and it is most desirable to 
contain in 0.2 % of the weight or more and 4% of the weight or less of the rangie. 
[0025] Since the conductivity of a negative -electrode active material grain boundary cannot fully 
be raised when scale-like carbon contains in the negative-electrode ingredient fewer than 0.1 % of 
the weight, there is a possibility that a desired cell capacity may not be attained, as a nonaqueous 
electrolyte rechargeable battery 1. Since the amount of negative-electrode active materials in a 
negative electrode 2 decreases on the other hand when scale- like carbon contains more mostly in 
a negative -electrode ingredient than 20 % of the weight, there is a possibiUty that cell capacity 
may fall, as a nonaqueous electrolyte rechargeable battery 1. 



[0026] Therefore, scale like carbon can give electronic conduction nature almost certainly to all 
negative-electrode active materials by containing in a negative-electrode ingredient in 0.1 % of 
the weight or more and 20% of the weight or less of the range. Thereby, though a 
negative-electrode active material should coil around a binder, since being isolated electrically is 
lost, a negative electrode 2 can fully pull out an original capacity, and as for the nonaqueous 
electrolyte rechargeable battery 1 which has this negative electrode 2, high capacity is realized. 
[0027] As for this scale like carbon, it is desirable that it is [ good **** and C shaft microcrystal 
thickness of a field (002) ] lOOnm or more that the spacing acquired by the X ray diffraction 
method (002) is less than 0.3360nm. Moreover, it is desirable that the bulk density measured by 
the approach indicated by JIS K-1469 is 0.4g /cm^ or less. Moreover, mean particle diameter is 
0.5*50 micrometers, and, as for average thickness, it is desirable that it is 0,01*1 micrometer. 
[0028] As carbon black, that by which coal*for*coke-making*ized hydrogen was generated with the 
thermal decomposition metliod, and the thing generated by the incomplete combustion method 
are used. Concretely, as carbon black generated, acetylene black, ketchen black, thermal black, 
furnace black, etc. are mentioned. In addition, as a thermal decomposition method, thermal **, an 
acetylene part solution method, etc. are mentioned. As an incomplete combustion method, a 
smoke method, the gas furnace method, the oil furnace method, etc. are mentioned the contacting 
method, a lamp, and an end. 

[0029] It is desirable to contain in a negative -electrode ingredient in 0.02 % of the weight or more 
and 2% of the weight or less of the range, as for this carbon black, it is more desirable to contain in 
0. 1 % of the weight or more and 1.5% of the weight or less of the range, and it is most desirable to 
contain in 0.2 % of the weight or more and 1.0% of the weight or less of the range. 
[0030] Since liquid retaining of the electrolytic solution cannot fully be carried out into a negative 
electrode 2 when carbon black contains in the negative -electrode ingredient fewer than 0.02 % of 
the weight, when used under a low-temperature environment, there is a possibility that a desired 
cell capacity may not be attained, as a nonaqueous electrolyte rechargeable battery 1. Since the 
amount of negative-electrode active materials in a negative electrode 2 decreases on the other 
hand when carbon black contains more mostly in a negative -electrode ingredient than 2 % of the 
weight, there is a possibility that cell capacity may fall, as a nonaqueous electrolyte rechargeable 
battery 1. 

[0031] Therefore, carbon black can carry out liquid retaining of sufficient electrolytic solution for 
a negative electrode 2 by containing in a negative-electrode ingredient in 0.02 % of the weight or 
more and 2% of the weight or less of the range. Thereby, since the ionic conduction in the limited 
opening where a negative electrode 2 exists between the particles of a negative-electrode active 
material becomes more prompt and the dope / dedope reaction of a lithium ion are performed 
more smoothly, internal resistance decreases more and polarization is prevented certainly. 
Therefore, high capacity is realized even if a nonaqueous electrolyte rechargeable battery has 
charge and discharge repeated for example, under a low-temperature environment. 
[0032] As for the mean particle diameter of carbon black, it is desirable that it is 0.1 micrometers 
or less. Since the bulk density in a negative-electrode ingredient becomes small when the mean 
particle diameter of carbon black is larger than 0. 1 micrometers, there is a possibility that the 
liquid retaining of the electrolytic solution cannot fully be carried out to a negative electrode 2. 
[0033] Although a negative-electrode ingredient mixes above scale-like carbon and carbon black 
and it is constituted, it is desirable that it is 0,5 or more and 50 or less, it is a weight ratio and it is 
[ as for the mixing ratio (scale-like carbon / carbon black) of scale-hke carbon and carbon black it 



is more desirable that it is 0.4 or more and 16 or less, most desirable [ a mixing ratio ] that it is 
0.5 or more ten or less. When the mixing ratio of scale like carbon is less than this range, 
conductivity may be insufficient, and when the mixing ratio of carbon black is less than this range, 
the operation which holds the electrolytic solution to a negative electrode 2 may not fully be 
acquired. 

[0034] As a negative -electrode active material, the carbon material in which a dope / dedope of a 
lithium are possible, a crystalline substance, a noncrystalline metalUc oxide, etc. are used. As a 
carbon material, the graphites of nongraphitizing carbon ingredients, such as corks and glassy 
carbon, and the high crystalUnity carbon material with which the crystal structure progressed are 
mentioned, and, specifically, pyrolytic carbon, corks, (pitch coke, needle coke, petroleum coke, etc. 
and graphite), glassy carbon, an organic high-molecular-compound baking object (what calcinated 
and carbonized phenol resin, fiiran resin, etc. at suitable temperature), a carbon fiber, activated 
carbon, etc. are mentioned. 

[0035] In addition, since the graphites of a high crystallinity carbon material have high true 
density as compared with a nongraphitizing carbon ingredient with low crystallinity, the negative 
electrode 2 using these graphites as a negative -electrode ingredient has the more high pack 
density of an active material, and can realize the cell which is a high energy consistency more. 
Moreover, since the discharge curve is flat, the nonaqueous electrolyte rechargeable battery 1 
which uses these graphites as a negative -electrode ingredient also has the advantage in which 
there is no energy loss on the occasion of electrical-potential-difference change by electronic 
equipment, while having a high energy consistency. 

[0036] as the binder contained in a negative electrode 2 -• usually ■ the negative electrode of this 
kind of cell the well-known binder used for the mixture can be used, moreover, a negative 
electrode - to a mixtxire, a well-known additive etc. may be added if needed. 
[0037] the positive electrode with which a positive electrode 3 contains positive active material 
and a binder - a mixture is applied on the positive-electrode charge collector 7, and is dried. 
[0038] As positive active material, a dope / dedope of a lithium may be possible, and as long as it is 
a conventionally well-known positive-electrode ingredient containing sufficient quantity of a 
lithium, you may be any. It is desirable to use the compound metallic oxide which specifically 
consists of a lithium expressed with a general formula LiM02 (however, M contains at least one 
kind in Co, nickel, Mn, Fe, aluminum, V, and Ti.) and transition metals, the intercalation 
compound containing a lithium, etc. 

[0039] as the binder contained in a positive electrode 3 •- usually ■ the positive electrode of this 
kind of cell - the well-known binder used for the mixture can be used, moreover, a positive 
electrode ■ to a mixture, a well-known additive etc. may be added if needed. 
[0040] Nonaqueous electrolyte dissolves an electrolyte in a non-aqueous solvent, and is prepared. 
[0041] When using the graphites of a high crystallinity carbon material as a negative -electrode 
ingredient, a non-aqueous solvent uses as the main solvent the ethylene carbonate (EC is called 
hereafter.) which a dielectric constant is comparatively high and is hard to be decomposed, and in 
order to raise conductivity and to improve a current characteristic, it contains two or more 
hypoviscosity solvents. Moreover, as a main solvent, the compound which permuted the hydrogen 
atom of EC by the halogen may be used. As a hypoviscosity solvent, phosphoric ester, such as 
carboxylate, such as the symmetry or unsymmetrical chain-like carbonates, such as diethyl 
carbonate, dimethyl carbonate, methylethyl carbonate, and methylpropyl carbonate, and methyl 
propionate, ethyl propionate, trimethyl phosphate, and phosphoric-acid triethyl, etc. is mentioned. 



These hypoviscosity solvents may use one kind independently, and it is also possible to mix two or 
more kinds and to use. 

[0042] Moreover, a better property is acquired by permuting the part with the 2nd component 
solvent to the compound which permuted the hydrogen atom of EC as a main solvent, or EC by 
the halogen. As this 2nd component solvent, propylene carbonate, butylene carbonate, vinylene 
carbonate, 1, 2 -dime thoxye thane, 1, 2-diethoxy methane, gamma butyrolactone, a valerolactone, 
a tetrahydrofuran, 2-methyl tetrahydrofuran, 1, 3 dioxolane, the 4-methyl 1, S dioxolane, a 
sulfolane, a methyl sulfolane, etc. are mentioned. 

[0043] It dissolves in a non-aqueous solvent, as an electrolyte, especially if it is lithium salt which 
shows ion conductivity, it will not be limited, for example, LiPFe, LiC104, LiAsFe, LiBF4, LiB 
(C6H5)4, LiCHsSOa, LiCFaSOa, LiCl, LiBr, etc. are mentioned. It is desirable to use LiPFe as an 
electrolyte especially. One kind may be used independently, and these electrolytes can also mix 
and use two or more kinds. 

[0044] As the quality of the material of the cell can 5, Fe, nickel, stainless steel, aluminum, Ti, etc. 
are mentioned. In order to prevent the corrosion by the electrochemical nonaqueous electrolyte 
accompanying the charge and discharge of a cell, plating etc. may be performed to this cell can 5. 
[0045] In case the nonaqueous electrolyte rechargeable battery 1 constituted as mentioned above 
is produced, the electrode object of the eddy coil former which a laminating is carried out through 
the separator 4 which consists of a microporous polypropylene film, winds around a longitudinal 
direction the band like negative electrode 2 obtained as mentioned above first and the band-like 
positive electrode 3 many times, and it comes to turn is produced. 

[0046] Next, the electrode object is inserted in the electric insulating plate 8 by the pars basilaris 
ossis occipitalis, and it contains with the iron cell can 5 with which nickel plating is performed 
inside. And in order to take current collection of a negative electrode 2, the end of the 
negative-electrode lead 9 which consists of nickel is made to stick to a negative electrode 2 by 
pressure, and the other end is welded to the cell can 5. Thereby, the cell can 5 will have a negative 
electrode 2 and a flow, and serves as an external negative electrode of a nonaqueous electrolyte 
cell. Moreover, in order to take current collection of a positive electrode 3, the end of the 
positive -electrode lead 10 which consists of aluminum is attached in a positive electrode 3, and 
the other end is electrically connected with the cell lid 11 through the sheet metal for current 
cutoff. This sheet metal for ciu-rent cutoff intercepts a current according to cell internal pressure. 
Thereby, the cell lid 11 will have a positive electrode 3 and a flow, and serves as an external 
positive electrode of a nonaqueous electrolyte cell. 

[0047] And after pouring in the nonaqueous electrolyte which the non-aqueous solvent was made 
to dissolve an electrolyte into this ceU can 5, and was prepared, the cylindrical nonaqueous 
electrolyte rechargeable battery 1 with which the cell lid 11 was fixed is produced by closing the 
cell can 5 through the insulating obturation gasket 12 which applied asphalt. 
[0048] In addition, the PTC component 14 for this nonaqueous electrolyte rechargeable battery 1 
to prevent the temperature rise inside the reUef valve equipment 13 for extracting an internal gas, 
when the pressure inside a cell becomes higher than a predetermined value, and a cell is formed. 
[0049] Since it has the negative electrode ingredient with which a negative electrode 2 consists of 
a negative-electrode active material, scale-Uke carbon, and carbon black, the nonaqueous 
electrolyte rechargeable battery 1 produced as mentioned above has a high cell capacity, even 
when charge and discharge are carried out, for example under a low-temperature environment. 
[0050] Moreover, since a negative electrode 2 can fully pull out an original capacity when 



scale-like carbon contains in the negative electrode ingredient in 0.1 % of the weight or more and 
20% of the weight or less of the range, the nonaqueous electrolyte rechargeable battery 1 has a 
more high cell capacity. 

[0051] Furthermore, since internal resistance decreases more and polarization is certainly 
prevented when carbon black contains in the negative-electrode ingredient in 0.02 % of the weight 
or more and 2% of the weight or less of the range, even when it has charge and discharge repeated 
xmder a low temperature environment, cell capacity is high [ the nonaqueous electrolyte 
rechargeable battery 1 ]. 

[0052] In addition, although the nonaqueous electrolyte rechargeable battery which used 
nonaqueous electrolyte as an electrolyte was mentioned as the example and the gestalt of 
operation mentioned above explained it, the nonaqueous electrolyte cell concerning this invention 
is not limited to this, is possible also for using a solid electrolyte and a gel electrolyte as an 
electrolyte, and can be applied also about a primary cell. Moreover, the nonaqueous electrolyte 
cell concerning this invention is not hmited especially about the configuration, and can make 
cyUndrical, a square shape, a coin mold, a carbon button mold, etc. a thin shape and the various 
magnitude of large-sized **. 
[0053] 

[Example] Hereafter, the nonaqueous electrolyte ceU concerning this invention is explained based 
on a concrete experimental result. In addition, two or more nonaqueous electrolyte rechargeable 
batteries were produced as an example and an example of a comparison here. 
[0054] The <experiment 1> experiment 1 evaluated the difference in the capacity of the 
nonaqueous electrolyte rechargeable battery by difference of a negative -electrode ingredient. 
[0055] The production approach of example 1 negative electrode is as follows. 
[0056] First, the negative -electrode active material was produced. The precursor of a carbon 
molding object was obtained by carrying out compression molding, after mixing the coal tar 
system pitch which first serves as a binder to the coal system corks 100 weight section used as a 
filler at 30 weight ****** and about 100 "C. And after heat-treating this precursor below 1000 °C 
and considering as a carbon molding object, the binder pitch which carried out melting below 
200 °C was infiltrated, and pitch sinking-in / baking process of heat-treating below 1000*C more 
was repeated several times. Furthermore, after acquiring a graphitization molding object by 
heat-treating this carbon molding object at 2700 *C among an inert atmosphere, this was made 
into sample powder by carrying out grinding classification. 

[0057] In addition, as a result of this graphitization molding object's performing X diffi-action 
measurement, C shaft microcrystal thickness by which the spacing of a field (002) is 0.337nm and 
is calculated from a diffraction (002) line was 50.0nm. Moreover, 2.23g /of true density by the 
pycnometer which uses a butanol as a solvent was [ cm ] 3, 0.83g /cm^of bulk density was , and 
the specific surface area by the Brunauer-Emmet-Teller method was 4.4m2/g. Moreover, the mean 
particle diameter of the particle size distribution by the laser diffraction method was 31.2 
micrometers, 10% particle size of accumulation was 12.3 micrometers, 50% particle size of 
accumulation was 29.5 micrometers, 90% particle size of accumulation was 53.7 micrometers, and 
the average of the disruptive strength of a graphite particle was 37.1 kgf(s)/mm. 
[0058] Next, the negative -electrode ingredient which comes to mix acetylene black (0.5 % of the 
weight) with the sample powder (98.5 % of the weight) of the graphitization molding object which 
is a negative-electrode active material, and scale -like carbon (l.O % of the weight) as carbon black 
was prepared. In addition, trade name-KS-15 (Lonza make) was used as scale-like carbon. 



[0059] furthermore, t±Le above-mentioned negative electrode ingredient - as 90 weight sections 
and a binder ■ polyvinyhdene fluoride 10 weight sections mixing - a negative electrode 
after preparing a mixture, it distributes in N methyl pyrrolidone • making ■ a negative electrode 
-- a mixture " it considered as the slurry, and this negative electrode - a mixture " the band-like 
negative electrode was produced by carrying out a slit, after applying a slurry to homogeneity, 
making the band-like copper foil whose thickness it is thin to a negative-electrode charge collector 
is 10 micrometers dry it and carrying out compression molding by the constant pressure. 
[0060] The production approach of a positive electrode is as follows. 

[0061] First, it is mixing one mol for 0.5 mols and cobalt carbonate, and calcinating a hthium 
carbonate at 900 among air as positive active material, for 5 hours, and LiCo02 was 
compounded. In addition, X diffraction measurement was performed about the obtained 
ingredient, and it checked that it was in agreement with the data of LiCo02 with which the peak 
was registered into the JCPDS file. 

[0062] Next, after 50% particle size of acciunulation which grinds LiCo02 and is obtained with a 
laser diffraction method considered as LiCo02 powder which is 15 micrometers, this LiCo02 
powder (95 % of the weight) and lithium-carbonate powder (5 % of the weight) were mixed, and it 
considered as mixed powder, and mixed powder -■ as 91 weight sections and an electric conduction 
agent a scale-like graphite - as 6 weight sections and a binder -- pol5^inylidene fluoride - 3 
weight sections ■- mixing ■- a positive electrode ■- after preparing a mixture, it distributes in 
N-methyl pyrrolidone * making -■ a positive electrode -■ a mixture -- it considered as the slurry. 
[0063] and this positive electrode -- a mixture ■ the band-like positive electrode was produced by 
carrying out a slit, after applying a slurry to homogeneity, making the band-like aluminium foil 
whose thickness it is thin to a positive-electrode charge collector is 20 micrometers dry it and 
carrying out compression molding by the constant pressure. 

[0064] The electrode object of the eddy coil former which is the outer diameter of 18mm was 
produced by rolling them about many times, after thickness carries out the laminating of the 
band like negative electrode produced as mentioned above and the band-like positive electrode to 
the order of a negative electrode, a separator 4, a positive electrode, and a separator 4 through the 
separator 4 which is 25 micrometers and consists of a microporous polyethylene film. 
[0065] Next, this electrode object was contained with the iron cell can which performed nickel 
plating. And the electric insulating plate was arranged in electrode object vertical both sides, the 
positive-electrode lead made from aluminum was drawn from the positive-electrode charge 
collector, it welded to the cell lid, the negative -electrode lead made from nickel was drawn from 
the negative -electrode charge collector, and it welded to the cell can. 

[0066] And the electrolytic solution which dissolved LiBF4 in the solution which mixed ethylene 
carbonate and dimethyl carbonate by 1 to 1 so that it might become with 1 mol/1 was poured in 
into the cell can. Subsequently, the cell lid was fixed to the relief valve equipment and the PTC 
component list which have a current cutoff device, and the airtightness in a cell was made to hold 
by closing a cell can through the insulating obturation gasket which applied the front face with 
asphalt. 

[0067] The cylindrical nonaqueous electrolyte rechargeable battery whose diameter is 18mm and 
whose height is 65mm as mentioned above was produced. 

[0068] The nonaqueous electrolyte rechargeable battery was produced like the example 1 except 
using the negative-electrode ingredient which consists only of an example of comparison 1 
negative -electrode active material. 



[0069] The nonaqueous electrolyte rechargeable battery was produced like the example 1 except 
using the negative -electrode ingredient which comes to mix an example of comparison 2 
negative electrode active material (99.5 % of the weight), and carbon black (0.5 % of the weight). 
[0070] The nonaqueous electrolyte rechargeable battery was produced like the example 1 except 
using the negative -electrode ingredient which comes to mix an example of comparison 3 
negative-electrode active material (99.0 % of the weight), and scale-like carbon (l.O % of the 
weight), 

[0071] The termination electrical potential difference performed constant-current charge of 4 
hours to 4.2V to the bottom of 23^0 environment first to the nonaqueous electrolyte rechargeable 
battery of the example 1 produced as mentioned above and the example 1 of a comparison - the 
example 3 of a comparison, having used the charging current as 0.5A. And the discharge current 
was set to 0.3A under 23*C environment, and the termination electrical potential difference 
performed constant-current discharge to 2.75V, and measured initial cell capacity. 
[0072] Next, the termination electrical potential difference performed constant-current charge of 
2.5 hours to 4.2V to the bottom of 23-°C environment, having used the charging current as l.OA. 
Then, after leaving it under 23°C environment for 3 hours, the alternating current impedance 
was measTired having used applied voltage as lOmV having used the frequency as IkHz, and the 
internal resistance of a cell was measured. 

[0073] Furthermore, the discharge current was set to 0.7A under -25"'C environment, and the 
termination electrical potential difference performed Constant-current discharge to 2.75V, and 
measured the cell capacity in ■25°C. 

[0074] The above measurement result and the content of the scale-like carbon in a 
negative -electrode ingredient and carbon black are doubled, and it is shown in Table 1. 
[0075] 
[Table l] 
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[0076] Internal resistance reduced the nonaqueous electrolyte rechargeable battery of the 
example 1 equipped with the negative electrode which has the negative -electrode ingredient 
which consists of a negative -electrode active material, scale -like carbon, and carbon black, and it 
was understood that initial cell capacity is high and the cell capacity in -25 °C is also high so that 
clearly from Table 1. 

[0077] On the other hand, the nonaqueous electrolyte rechargeable battery of the example 1 of a 
comparison equipped with the negative electrode which has the negative -electrode ingredient 
which consists only of a negative-electrode active material was understood that internal 
resistance is high, initial cell capacity is low, and the cell capacity in -25 is also low. Moreover, 



the nonaqueous electrolyte rechargeable battery of the example 2 of a comparison equipped with 
the negative electrode which has the negative electrode ingredient which consists of a 
negative-electrode active material and carbon black was understood that initial cell capacity is 
low, although internal resistance decreased and the cell capacity in -25 *C is improved, 
Fvirthermore, although initial ceU capacity of the nonaqueous electrolyte rechargeable battery of 
the example 3 of a comparison equipped with the negative electrode which has the 
negative-electrode ingredient which consists of a negative-electrode active material and scale-like 
carbon was improving, it was understood that internal resistance is high and the cell capacity in 
-25 T: is low. 

[0078] Therefore, even if the nonaqueous electrolyte rechargeable battery was the case where 
charge and discharge were carried out under a low-temperature environment by having the 
negative electrode which has the negative -electrode ingredient which consists of a 
negative-electrode active material, scale-like carbon, and carbon black, it was understood that 
capacity is high. 

[0079] The <experiment 2> experiment 2 set constant the content of the carbon black made to 
contain in a negative-electrode ingredient, and evaluated the cell property at the time of changing 
the content of scale-like carbon. 

[0080] Example 2 • example 9 carbon black was considered as mixing 0.5% of the weight, and the 
nonaqueous electrolyte rechargeable battery was produced like the example 1 except using the 
negative electrode ingredient which mixed a negative -electrode active material and scale-like 
carbon as shown in Table 2. 

[0081] About the nonaqueous electrolyte rechargeable battery of an example 2 to the example 9 
produced as mentioned above, initial cell capacity, the internal resistance of a cell, and the cell 
capacity in -25°C were measured like the approach mentioned above. 

[0082] The above measurement result and the content of the scale-like carbon in a 
negative -electrode ingredient and carbon black are doubled, and it is shown in Table 2. 
[0083] 
[Table 2] 
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[0084] Internal resistance decreased as compared with the nonaqueous electrolyte rechargeable 
battery of the example 2 (Table 1) of a comparison with which scale-like carbon does not contain 
the nonaqueous electrolyte rechargeable battery of the example 2 which scale like carbon 



contains 0.1% of the weight in the negative-electrode ingredient in the negative-electrode 
ingredient, and Table 2 showed that initial cell capacity was high and the cell capacity in -25 
was also high. 

[0085] Moreover, the nonaqueous electrolyte rechargeable battery of the example 8 which 
scale -like carbon contains 20% of the weight in the negative-electrode ingredient was understood 
that initial cell capacity is more high as compared with the nonaqueous electrolyte rechargeable 
battery of the example 9 which scale-like carbon contains 30% of the weight, and the cell capacity 
in -25 is more high in the negative -electrode ingredient. 

[0086] therefore, ****** to which scale-like carbon contains a nonaqueous electrolyte rechargeable 
battery in a negative-electrode ingredient in 0.1 % of the weight or more and 20% of the weight or 
less of the range ■- since the negative electrode pulled out an original capacity more, things 
showed that cell capacity was more high. 

[0087] The <experiment 3> experiment 3 set constant the content of the scale-like carbon made to 
contain in a negative-electrode ingredient, and evaluated the cell property at the time of changing 
the content of carbon black. 

[0088] An example 10 - example 16 scale like carbon were considered as mixing 1.0% of the weight, 
and the nonaqueous electrolyte rechargeable battery was produced hke the example 1 except 
using the negative -electrode ingredient which mixed a negative -electrode active material and 
carbon black as shown in Table 3. 

[0089] About the nonaqueous electrolyte rechargeable battery of an example 10 to the example 16 
produced as mentioned above, initial cell capacity, the internal resistance of a cell, and the cell 
capacity in -25 °C were measured like the approach mentioned above. 

[0090] The above measurement result and the content of the scale -like carbon in a 
negative-electrode ingredient and carbon black are doubled, and it is shown in Table 3. 
[0091] 
[Table 3] 
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[0092] It turned out that internal resistance reduces the nonaqueous electrolyte rechargeable 
battery of the example 10 which carbon black contains 0.02% of the weight in the 
negative-electrode ingredient as compared with the nonaqueous electrolyte rechargeable battery 
of the example 3 (Table 1) of a comparison which carbon black does not contain in the 
negative-electrode ingredient, its initial cell capacity is high, and its cell capacity in -25 *C is 



higher than Table 3. 

[0093] Moreover, the nonaqueous electrolyte rechargeable battery of the example 15 which carbon 
black contains 2.0% of the weight in the negative electrode ingredient was understood that initial 
cell capacity is more high as compared with the nonaqueous electrolyte rechargeable battery of 
the example 16 which carbon black contains 3.0% of the weight, and the cell capacity in -25 °C is 
more high in the negative electrode ingredient. 

[0094] therefore, ****** to which carbon black contains a nonaqueous electrolyte rechargeable 
battery in a negative-electrode ingredient in 0.02 % of the weight or more and 2% of the weight or 
less of the range since internal resistance decreased more and polarization was certainly 
prevented by things, even if it was the case where charge and discharge were carried out under a 
low-temperature environment, it turned out that cell capacity is more high. 
[0095] 

[Effect of the Invention] Since it has the negative electrode which has the negative electrode 
ingredient which consists of a positive electrode, a negative -electrode active material and 
scale -like carbon, and carbon black, and the electrolyte, even when charge and discharge are 
carried out, for example under a low temperature environment, cell capacity is high [ the 
nonaqueous electrolyte cell concerning this invention ], so that clearly also from the above 
explanation. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is the sectional view showing the example of 1 configuration of a cyUndrical 
nonaqueous electrolyte rechargeable battery. 
[Description of Notations] 

0 Nonaqueous Electrolyte Rechargeable Battery, 2 Negative Electrode, 3 Positive Electrode, 4 
Separator, 5 Cell Can, 6 Negative Electrode Charge Collector, 7 Positive-Electrode Charge 
Collector, 8 Electric Insulating Plate, 9 Negative Electrode Lead, 10 Positive -Electrode Lead, 11 
Cell Lid, 12 Insulating Obturation Gasket, 13 Relief Valve Equipment, 14PTC Component 

[Drawing l] 




* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated, 
3.1n the drawings, any words are not translated. 



